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This application claims priority to United States Provisional Patent Application 
Serial No 60/201,215, filed May 2, 2000. 

Field of the Invention: 


This invention pertains to the field of switches and, more particularly, to RF- 
actuated micro-electro-mechanical systems (MEMS) switches for use in conjunction with 
microwave antennas and similar applications. 


The need for reconfigurable antennas and other radio frequency (RF) structures is 
great. In an era of crowded frequency bands, diverse requirements for multi-frequency 
communication, etc., antenna structures able to perform in one or more bands or with 


n | 20 switchable directionability characteristics are of great interest. One solution to the problem 


is the use of reconfigurable antennas or other structures (e.g., reflective structures). 
Generally speaking, these are antennas or associated resonant structures which may have 
their frequency and/or their directional characteristics altered so as to perform in one or 
more frequency bands and/or with one or more directionability patterns. 


Switched antenna elements have been used for some time, portions of the structures 
being connected and disconnected by a switch. PIN diodes and GaAs Field Effect 
Transistors (FETs) have been used to perform these switching operations. The devices 
typically require a bias current, making their use cumbersome. The advent of micro- 
30 electro-mechanical systems (MEMS) has allowed the creation of ultra-small switches. The 
introduction of MEMS switches has created new possibilities in the RF communications 
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BACKGROUND OF THE INVENTION 


25 


field. For example, multiple ground planes behind a single radiating element may be 
switched in or out of the circuit using an array of MEMS switches. The MEMS switches 
can be constructed as bi-stable devices and are switched by the application of an electrical 
voltage to an input terminal. Of course, any DC voltage source may be used to activate the 
5 MEMS switches. 


KB 


In high frequency (i.e., microwave, millimeter wave, etc.) applications, the 
introduction of copper or other conductive materials into or near an RF structure may have 
an undesirable effect. Added wires and conductors may scatter the RF fields around 
10 antennas thereby distorting the antenna radiation patterns or affecting their impedance. If 
the switch control wires can be concealed by the antenna elements or their RF feeds, then 
the interference with the operation of the antenna can be minimized. However, only a few 
antenna elements allow embedding of the control lines. 

15 To address this problem, strategies have been developed to use a photovoltaic cell 

to generate a DC switching voltage for the MEMS switch. A laser light source and optic 
fiber then are used to activate the MEMS switch. Laser light shining on several 
photovoltaic cells in series creates a voltage that causes the MEMS switch to change state; 
a passive antenna element or other structure connected thereto is switched in or out of the 

20 circuit. 

In some applications, the running of fiber optic strands from a laser light source to 
the array of MEMS switches is not practical. Also, if the switches must be enclosed in an 
opaque material, then neither visible nor infrared (IR) light can be used to activate them 
25 effectively. 


Description of the Related Art: 


United States Patent No. 5,541,614 for SMART ANTENNA SYSTEM USING 
30 MICROELECTROMECHANICALLY TUNABLE DIPOLE ANTENNAS AND 
PHOTONIC BAND GAP MATERIAL, issued July 30, 1996 to Juan F. Lam, et al, 
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teaches a reconfigurable antenna system. LAM, et al. disclose an antenna system including 
a set of symmetrically located, center-fed, segmented, dipole antennas. A two-dimensional 
array of microelectromechanical transmission line switches is incorporated into the dipole 
antennas to connect the segments thereof. The segments can be connected or disconnected 
5 by operating the switches in the closed or open position. Appropriate manipulation or 
programming of the MEMS switches changes the polarization of the radiation pattern, 
scanning properties, and resonant frequency of the antenna array. 


The LAM et al system utilizes electrical conductors (e.g., copper) to conduct 
10 switching voltages to the MEMS switch array. The inventive apparatus, on the other hand, 
utilizes an RF beam to actuate self-contained, RF-actuated MEMS devices. This allows 
the inventive array to be located in areas where feeding control voltages to-the MEMS 
switches via a copper or similar conductor would be impractical. The invention also 
overcomes problems associated with photonically-switched MEMS switch devices. The 
15 frequency of the RF signal that activates the MEMS switches is different than the 
frequency of the RF signals that pass through the MEMS switches. 


20 


SUMMARY OF THE INVENTION 


sal 

1 1 The present invention features (RF) radio frequency actuated MEMS switches for 

use in switchable RF structures such as antennas. The actuating energy for the switches is 
supplied by switched millimeter or sub-millimeter wavelength RF signals. The actuating 
RF signals reach an antenna, are passed to a tuned circuit, and are ultimately applied to a 
25 detector where a DC voltage, proportional to the intensity of the control RF signal, is 
generated for changing the state of the MEMS switches. Arrays of antenna elements with 
MEMS switches having receivers tuned to different frequencies allows multiple switched 
arrays of antenna or similar RF elements. 


30 


It is, therefore, an object of the invention to provide an RF -activated MEMS 

switch. 
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It is a further object of the invention to provide an RF activated MEMS switch 
wherein the illuminating RF energy is in millimeter or sub-millimeter wavelength regions. 


It is another object of the invention to provide an RF activated MEMS switch 
5 which may be tuned to a number of different illuminating frequencies. 

It is an additional object of the invention to provide an RF-actuated MEMS switch 
which may be packaged with a suitable miniature antenna, tuned circuit, detector, and 
optional storage capacitor in a sealed package. 

10 

It is yet another object of the invention to provide an RF-actuated MEMS switch 
which may be deployed in arrays, responsive to RF actuating signals of different 
frequencies. 

15 It is a still further object of the invention to provide an RF-actuated MEMS suitable 

for use with switched antenna elements, switched FSS elements, switched scatterers 
(conductors) within artificial dielectrics and switched conductive screens. 


It is another object of the invention to provide RF actuated MEMS switches with 
fiJ 20 sufficient isolation to nonactivating frequencies to permit the construction of antenna 
\Jl structures, consisting of antenna elements or segments, FSS elements, artificial dielectrics, 

frequency selective volumes (FSVs) and conductive screens that contain groups of MEMS 
switches that may be activated separately by different activation frequencies. 

25 It is yet another object of the invention to provide an RF-actuated MEMS suitable 

for laminating within a multilayer printed circuit structure. 

An object of the invention is an RF-actuated microelectromechanical systems 
(MEMS) switch module, comprising an antenna for receiving an externally- generated RF 
30 control signal, and providing an antenna output signal representative thereof. A receiver 
means operatively connected to the antenna for receiving the antenna output signal and 
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generating a DC voltage representative thereof. And, a MEMS switch element having a 
control voltage port connected to the receiver means and at least two switching ports 
connectable to one another upon application of the DC voltage to the control voltage port, 
whereby the switching ports of the MEMS switches are connected to one another when the 
5 externally-generated RF control signal is received at the antenna. 

Another object of the invention is the RF-actuated MEMS switch module, wherein 
the receiver means comprises a tuned circuit operatively connected to the antenna and 
having an input port for receiving the antenna output signal. The tuned circuit and the 
10 antenna form a circuit substantially resonant at the RF control signal, wherein the tuned 
circuit provides a tuned circuit output signal. There is a detector means operatively 
connected to the tuned circuit to receive the tuned circuit output signal and to generate a 
DC voltage representative thereof. 

1 5 A further object is the RF-actuated MEMS switch module, wherein the antenna is 

tuned to a frequency related to the externally-generated RF control signal. 

Another object is the RF-actuated MEMS switch module, wherein the MEMS 
switch element is bi-stable, whereby the switchable ports are alternately connectable to and 
20 disconnected from one another upon application of the externally-generated RF control 
signal of sufficient strength to generate a voltage signal to operate the MEMS switches. 
The DC signal can be increased by a number of methods well known in the art to achieve 
the sufficient switching voltage. 

25 Yet another object is the RF-actuated MEMS switch module, further comprising a 

capacitor operatively connected between the control voltage port and a fixed reference 
voltage, wherein said fixed reference voltage may be ground potential. 

Additionally, an object includes the RF-actuated MEMS switch module, further 
30 comprising encapsulating material substantially completely surrounding the antenna, the 
tuned circuit, the detector, the capacitor and the MEMS switch element, with the switching 
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ports being presented outside said encapsulating material And, wherein the encapsulating 
material is opaque. 

Yet another object is the RF-actuated MEMS switch module, wherein the MEMS 
module is connected to an active or passive microwave antenna element. 

A further object is the RF-actuated MEMS switch module, wherein the MEMS 
module forms part of a multi-layer printed circuit structure. 

Also an object is the RF-actuated MEMS switch module, wherein the externally- 
generated RF control signal comprises an RF signal having a wavelength of approximately 
one millimeter. 

An object of the invention is an RF-actuated microelectromechanical systems 
(MEMS) switch module, comprising a MEMS switch element having at least two switched 
ports alternately connectable one to the other upon application of a control voltage at a 
control voltage port of the MEMS switch. There is an antenna for receiving an externally- 
generated RF control signal having a predetermined frequency, and providing an antenna 
output signal representative thereof, the antenna being tuned to the predetermined 
frequency. There is a tuned circuit operatively connected to the antenna and having an 
input port for receiving the antenna output signal and, in cooperation with the antenna, 
providing a circuit substantially resonant at a frequency related to the predetermined 
frequency of the RF control signal, the tuned circuit providing a tuned circuit output signal. 
Finally, there is a detector means operatively connected to the tuned circuit for receiving 
the tuned circuit output signal and generating a DC voltage representative thereof, the 
detector means also being operatively connected to the control voltage port of the MEMS 
switch. The two switching ports of the MEMS switch are alternately connected to and 
disconnected from one another when the externally-generated RF control signal is received 
at the antenna and a sufficient DC voltage can manipulate the MEMS switch. 
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Additionally, an object is the RF-actuated MEMS switch module, further 
comprising a capacitor operatively connected between the control voltage port and a fixed 
reference voltage, wherein the fixed reference voltage may be ground potential. 

5 Yet a further object is the RF-actuated MEMS switch module, further comprising 

encapsulating material substantially completely surrounding the antenna, the tuned circuit, 
the detector, the capacitor and the MEMS switch element, the switching ports being 
presented outside the encapsulating material 

1 0 Additionally, an object is the RF-actuated MEMS switch module, wherein the 

MEMS switch module is included within a multi-layer printed circuit structure. 

An object of the invention is a selectively changeable RF element, comprising at 
least two RF sub-elements electrically connectable to one another by an RF-actuated 
MEMS switch, the RF-actuated MEMS switch receiving an RF control signal at a 
predetermined frequency and, in response thereto, selectively connecting the sub-elements. 

Another object is the selectively changeable RF element, wherein the RF element 
forms part of at least one antenna structure from the group antenna element, antenna 
segment, frequency-selective surface (FSS), artificial dielectric, and frequency-selective 
volume (FSV). 

A final object is the selectively changeable RF element wherein the RF-actuated 
MEMS switch comprises at least two RF-actuated MEMS devices adapted to respond to 
25 RF actuating signals at least two different frequencies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


A complete understanding of the present invention may be obtained by reference to 
the accompanying drawings, when taken in conjunction with the detailed description 
thereof and in which: 

FIGURE 1 is a schematic block diagram of a light-actuated MEMS switch of the 
prior art; 

FIGURE 2 is a schematic block diagram of the inventive, RF-actuated system of 
the present invention; 

FIGURE 3 is a schematic block diagram of the inventive, RF-actuated system 
shown as an encapsulated module; 

FIGURE 4 is a schematic perspective view showing a typical application of a 
MEMS switch, wherein a dipole radiator with a MEMS switch-selectable ground plane is 
disposed in a plane; 

FIGURE 5 is a schematic top view of the array shown in FIGURE 4; 

FIGURE 6 is a top view showing multiple switch-selectable arrays; and 

FIGURE 7 is a schematic view of a tower installation in a typical application of the 
inventive RF-actuated MEMS switch. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 


Generally speaking, this invention relates to microelectromechanical systems 
(MEMS) switches and, more particularly, to RF-actuated MEMS switches suitable for use 
in frequency-agile, steerable, self-adaptable, programmable and conformal antenna 
systems. 

Referring first to prior art FIGURE 1, there is shown a typical MEMS switch 
element suitable for use with a switched radio frequency antenna element, generally at 
reference number 100. MEMS switch 102 is attached to a photovoltaic cell 104. A laser 
beam 108 illuminates photovoltaic cell 104, causing the MEMS switch 102 to change 
states. An optional capacitor 106 may be utilized at the switch input. Laser light 108 is 
generally conducted to photovoltaic cell 104 by an optical fiber (not shown). Because, in 
many operating situations, the deliverance of a laser light beam 108 to a photovoltaic cell 
104 or MEMS switch 102 is not practical, any other switched DC voltage source, as are 
well known to those skilled in the art, could be utilized to provide a control voltage to 
MEMS switch 102. 

Referring now to FIGURE 2, there is shown RF-actuated switching apparatus 
generally at reference numeral 200. In this embodiment, the switching control input of the 
MEMS switch 210 is provided a switching voltage from the output of a detector 206 and 
optional, grounded capacitor 208. The tuned circuit 204 and detector 206 are well known 
in the art and used to achieve the desired voltage signal to operate the MEMS switch, and 
is tuned to a specific millimeter/sub-millimeter wavelength. An antenna 202, is connected 
to tuned circuit 204, which could be as simple as a diode and capacitor arrangement, to 
detect a CW signal and integrate that signal over a short time interval. The output of tuned 
circuit 204 feeds the detector 206. 

MEMS need a certain voltage, typically 10-15V to switch. The power of the CW 
or modulated signal is used to charge the capacitor that is used to activate the MEMS 
switch. The origination power depends upon the distance to the antenna and the 
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configuration of the circuitry and whether voltage doublers or other means to augment the 
voltage signals are employed. 

The use of radio frequency (RF) energy eliminates the need for an optic fiber and 
5 the deliverance of laser light or the like. This means that the MEMS switch assembly 200 
may be located anywhere that a radio frequency signal 212 may be received having an 
adequate signal strength at antenna 202 to switch the MEMS switch 210. The MEMS 
switch 210 requires very little power to switch, and standard MEMS switches or preferably 
bi-stable switches can be used. 

10 

Referring now also to FIGURE 3, the radio frequency actuated MEMS circuit 200 
(FIGURE 2) is shown as an encapsulated assembly 300. This is possible because there is 
no longer any requirement for an optical input to MEMS switch assembly 300. A pair of 
switched terminals 302, 304 is available outside of MEMS switch assembly 300. 

15 

Referring now to FIGURE 4, there is shown an array of antenna elements generally 
at reference numeral 400, with RF actuated MEMS switch assemblies, as shown in 
FIGURE 3. This illustrates a typical application of the inventive MEMS switch module 
300. A dipole radiating element 414 is fed by a transmission line 416. 

20 

Four reflective elements 404 aligned in a plane 408 are each connected to an RF- 
actuated MEMS switch assembly 300 and then to ground 406. When MEMS switch 
assembly 300 conducts, antenna elements 404 are effectively grounded and form a ground 
plane coincident with plane 408. MEMS switch assemblies 300 are actuated by RF control 
25 signal 212 received at antenna 202 within each MEMS switch assembly 300. 

Referring now also to FIGURE 5, there is shown, generally at reference 500, a top 
view of the array of elements 404 depicted in FIGURE 4. 

30 Referring now also to FIGURE 6, elements 404 in plane 408 are shown. In 

addition, two additional sets of reflective elements 502, 506 are deployed in planes 504 
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and 508, respectively. Assuming that MEMS devices 300 (FIGURE 4) associated with 
elements 404, 502 and 506 are tuned to different operating frequencies, the arrays in planes 
408, 504 and 508 may be independently switched, thereby altering the directional 
characteristics of dipole radiator 414. 

Referring now to FIGURE 7, there is shown a schematic view of a typical tower 
installation, generally reference numeral 700, utilizing the inventive MEMS devices 300. 
A tower structure 702, such as is well known to those skilled in the art, has an antenna 
array 704 disposed on the top thereof to provide omni-directional or sectorized coverage. 
One or more feedlines 706 are used to connect antenna array 704 to a receiver/transmitter 
(not shown). Antenna array 704 can include one or more RF-actuated MEMS switches 
300 of the instant invention. These MEMS switches 300 are actuated by an RF signal 212 
generated at an RF signal source 708 and upwardly fed through a horn antenna 740. It will 
be obvious to those skilled in the art that a wide variety of RF sources and/or antenna 
structures could be utilized to provide an RF signal 212 to MEMS 300 in antenna array 
704. 

While this is a simplistic example, it should be clear that many other antenna 
topologies may be constructed using the inventive MEMS switch modules to switch either 
active or passive elements. 

There are instances in cellular communications, especially near a busy highway, 
where there is a need to have more channel capacity in one direction, while simultaneously 
providing omni-directional coverage around the cell tower. This may be done by 
sectorizing coverage and, if there is enough isolation between the sectors, the same 
frequency channels may be reused. By illuminating the appropriate MEMS switches to 
form the required corner reflectors or ground planes, the sector coverage may be adjusted 
to fit the current need. The characteristics of a cell tower could be altered by changing the 
characteristics of material reflector behind a central feed. During part of the day the 
antenna can direct beams in a certain direction and be switched to a different direction by 
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changing the bulk material forming the reflector via an RF pulse signal changing the 
arrangement of the antenna elements. 

One application of the present invention is to alter the dielectric, reflective, or 
polarization properties of bulk materials. Using fibers to control multiple switches would 
be impractical and difficult to administer, thereby necessitating a wireless means for 
controlling the switches. The MEMS switches would be bi-stable switches and flip when 
pulsed by the detector circuit. For example, in a microwave application for a frequency 
range of 2- 30 GHz, an external 90 GHz pulse could be used to throw the switches within 
the bulk material all at one time, thereby altering the characteristics of the material The 
switches thereby are activated without interfering with the signal of interest. Another 
embodiment is to selectively switch the MEMS switches by configuring the tuned detector 
circuit to operate at a different frequency signal Different frequencies would then operate 
certain select switches and provide customization of different operating characteristics. 

Another application relates to inventory control and reconfigurable tagging units. 
The tag units typically are magnetic strips and the deactivation unit burns the diode in the 
coil to deactivate the device. Using the present invention, tags could be tuned to a 
particular frequency and set to mark different items or deactivate groups of tags. 

Since other modifications and changes varied to fit particular operating 
requirements and environments will be apparent to those skilled in the art, the invention is 
not considered limited to the example chosen for purposes of disclosure, and covers all 
changes and modifications which do not constitute departure from the true spirit and scope 
of this invention. 

Having thus described the invention, what is desired to be protected by Letters 
Patent is presented in the subsequent appended claims. 
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